Figs. S1 to S8 C lC-7 is the only member of the CLC gene family of anion transporters substantially expressed on lysosomes (1-3), where it resides together with its b-subunit Ostm1 (3). Inactivation of either subunit leads to lysosomal storage disease and osteopetrosis in mice and humans (1) (2) (3) (4) . Cellular defects include slowed degradation of endocytosed proteins (5) and impaired acidification of the osteoclast resorption lacuna (1). Cl -currents mediated by ClC-7 have been deemed necessary for shunting lysosomal proton-pump currents (1) We created knock-in mice in which the ClC-7 "gating" glutamate (E) was mutated to alanine (A) ( fig. S1) (Fig. 1A and fig. S2 ) and died within 5 weeks. ClC-7 unc and wild-type (WT) ClC-7 were expressed at similar levels ( Fig. 1B) and similarly localized to lysosomes (Fig. 1D) S4 ). In an agouti genetic background, the coat color of Clcn7
-/-and Ostm1 -/-(grey-lethal) mice is grey (3, 4), whereas it was brownish in WT and Clcn7 unc/unc mice (Fig. 1A) . Clcn7 unc/unc mice were osteopetrotic ( Fig. 2A and fig. S5 ), although less severely than Clcn7 -/-(1) or Ostm1 -/-(4) mice. ClC-7 and Ostm1 were detected at the ruffled border of Clcn7 acid-secreting membrane was underdeveloped in Clcn7 unc/unc and almost lacking in Clcn7 -/-osteoclasts (Fig. 2B) . WT, Clcn7 -/-, and Clcn7 unc/unc osteoclasts similarly attached to dentine and established actin rings that surround resorption lacunae ( fig.  S6A ). In contrast to almost nonresorbing Clcn7
unc/unc osteoclasts excavated pits, albeit their number and depths were strongly reduced (Fig. 2C and fig. S6B ).
Like mice lacking ClC-7 (2) or Ostm1 (3), Clcn7 unc/unc mice displayed rapidly progressing retinal degeneration ( fig. S7 ) and developed neurodegeneration with features of lysosomal storage disease (Fig. 2D and fig. S8 ). Although Clcn7 +/unc mice lacked an obvious phenotype during the first 5 months, they showed slowly progressing hippocampal neurodegeneration (Fig. 2D and fig. S8C unc/unc lysosomes might be owed to a partial shift of late endosomal ClC-3 into lysosomes as in Clcn7 -/-mice (13). We then added the proton ionophore carbonyl cyanide 3-chlorophenylhydrazone (CCCP) to cultured fibroblasts whose lysosomes were preloaded with a pH indicator. CCCP dissipates lysosomal pH only in the presence of countercurrents. Lysosomes from all three genotypes rapidly alkalinized upon CCCP addition (Fig. 3B) 3B) indicates the presence of a sizable lysosomal conductance beyond ClC-7. The final pH of CCCPtreated KO lysosomes, which is more acidic than that of Clcn7 unc/unc lysosomes, might be explained by a lumen-negative potential created by a cation conductance ( fig. S9 ). Mixed K + /Na + conductances were reported for lysosomes (14) .
As predicted by sizable lysosomal conductances in all three genotypes, fluorescein-dextranloaded lysosomes of WT, Clcn7 unc/unc , and Clcn7 -/-mice showed adenosine triphosphate (ATP)-driven acidification in vitro (Fig. 3C) . Agreeing with the presence of a cation conductance, Clcn7 -/-lysosomes acidified also without [Cl -] o (Fig. 3C ). The marked difference to renal endosomes, whose acidification depends on chloride and ClC-5 (15) (16) (17) , may be explained with a larger cation conductance in lysosomes (14) .
We ratiometrically measured pH in lysosomes of fibroblasts that were loaded with the dextrancoupled pH indicator Oregon Green 488 by endocytosis. There was no measurable difference between Clcn7 unc/unc , Clcn7
-/-cells (Fig. 3D) unc/unc but not in Clcn7 + /unc mice, which showed degeneration at P250.
11 JUNE 2010 VOL 328 SCIENCE www.sciencemag.org
1402

REPORTS
on December 27, 2011 www.sciencemag.org (10, 11, 19) ], but it conflicts with the general view that endosomes and lysosomes are positive inside (20) (21) (22) -/-and Clcn7 unc/unc than in WT lysosomes (Fig. 3E) . Analogous to this ClC-7-dependent Cl -accumulation into mammalian lysosomes, plant vacuoles may use AtClC-a to accumulate nitrate (23) .
Our work has several implications for lysosomal biology. The central nervous system and bone pathology of Clcn7 -/-mice is not due to a loss of Ostm1 that is unstable without ClC-7 (3). However, the stronger bone phenotype and changed coat color of mice lacking ClC-7/Ostm1 ( 
